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Background: The pharmacology of single doses of acetylsalicylic acid (ASA) administered 
intravenously (250 or 500 mg) or orally (100, 300, or 500 mg) was evaluated in a randomized, 
placebo-controlled, crossover study. 

Methods: Blood and urine samples were collected before and up to 24 hours after administra- 
tion of ASA in 22 healthy volunteers. Pharmacokinetic parameters and measurements of platelet 
aggregation were determined using validated techniques. 

Results: A comparison between administration routes showed that the geometric mean dose- 
corrected peak concentrations (C max /D) and the geometric mean dose-corrected area under the 
curve (AUC^/D) were higher following intravenous administration of ASA 500 mg compared 
with oral administration (estimated ratios were 1 1.23 and 2.03, respectively). Complete inhibi- 
tion of platelet aggregation was achieved within 5 minutes with both intravenous ASA doses, 
reflecting a rapid onset of inhibition that was not observed with oral dosing. At 5 minutes after 
administration, the mean reduction in arachidonic acid-induced thromboxane B 2 synthesis ex vivo 
was 99.3% with ASA 250 mg intravenously and 99.7% with ASA 500 mg intravenously. In 
exploratory analyses, thromboxane B 2 synthesis was significantly lower after intravenous versus 
oral ASA 500 mg (P<0.0001) at each observed time point up to the first hour after adminis- 
tration. Concentrations of 6-keto-prostaglandin ]a at 5 and 20 minutes after dosing were also 
significantly lower with ASA 500 mg intravenously than with ASA 500 mg orally. 
Conclusion: This study demonstrates that intravenous ASA provides more rapid and consistent 
platelet inhibition than oral ASA within the first hour after dosing. 

Keywords: intravenous acetylsalicylic acid, oral acetylsalicylic acid, pharmacodynamics, 
pharmacokinetics, platelet aggregation, cyclooxygenase-1, thromboxane formation 

Introduction 

Low doses of orally administered acetylsalicylic acid (ASA) irreversibly inhibit 
platelet cyclooxygenase (COX)-l, thereby preventing the enzymatic formation of 
thromboxane A 2 , a potent activator of both platelet aggregation and vasoconstriction. 
Inhibition of COX-2-dependent prostaglandins occurs at much higher oral ASA doses 
than those used in cardiovascular prophylaxis. The ratio of IC 50 values (the concentra- 
tion producing 50% enzyme inhibition) for inhibition of COX-2/COX-1 is 166. 1 As 
a result, the antiplatelet and vasodilatory effects of the COX-2-mediated metabolite, 
prostaglandin I 2 (PGI 2 ), should be less affected at low doses of ASA. 

The pharmacokinetics of oral ASA have been assessed using high-performance 
liquid chromatography assays, 2 and the pharmacodynamics have been measured 
using validated radioimmunoassays for markers of platelet aggregation such as serum 
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thromboxane B 2 (formed by nonenzymatic hydrolysis of 
thromboxane A 2 ) and 6-keto-prostaglandin F l (6-keto- 
PGF, ), which is a metabolite of PGL. 3 " 5 It has been shown 

la 7 ' 2 

that different formulations of oral ASA can have varying 
pharmacokinetic properties, depending on the clinical indi- 
cation for which they were developed. 6 

In one study in healthy volunteers, the peak plasma con- 
centration (C ) following administration of soluble ASA 

v max' 0 

600 mg/day was significantly higher than that of other oral 
formulations (13.82 |ig/mL versus 5.51 L0.g/mL with plain 
ASA 650 mg/day orally) and the half-life (t 1/2 ) was signifi- 
cantly shorter (16 minutes versus 32 minutes, respectively). 7 
However, this study did not include intravenous ASA, which 
has been shown to have a t m of 2.8 minutes and 15 minutes 
in the initial distribution phase and the elimination phase, 
respectively. 8 This indicates that intravenous ASA is rapidly 
converted to salicylic acid by hydrolysis and presystemic 
COX acetylation. Thus intravenous administration likely 
offers a means of achieving rapid inhibition of platelet func- 
tion in an emergency setting. However, there are only a few 
studies that have compared intravenous ASA and oral ASA, 
and these were performed in animal models. 5 - 9 Human data 
are even more scarce and have used doses (ASA 1 g/day 
intravenously or orally) that are not recommended as athero- 
thrombotic prophylaxis. 10 

The aim of this study was to compare the pharmacokinet- 
ics and pharmacodynamics of intravenously administered 
ASA (D,L-lysine acetylsalicylate ■ glycine, 250 and 500 mg 
intravenously) with orally administered ASA (100, 300, and 
500 mg orally) in healthy volunteers. The intravenous doses of 
ASA were chosen because previous studies have shown that 
ASA 250 mg intravenously reduces the rate of thromboembo- 
lic events without increasing intraoperative bleeding. 11 This 
dose is also close to guideline recommendations for patients 
with acute coronary syndrome (ie, ASA 162-325 mg initially, 
reduced to 75-162 mg daily for indefinite use), 11-13 while 
ASA 500 mg intravenously is widely used as a loading dose 
in patients with acute coronary syndrome. The 100 mg dose 
of ASA administered orally was also studied because this is 
close to the minimum oral dose approved for the treatment 
of acute coronary syndrome. 

Materials and methods 

Subjects 

A total of 22 healthy volunteers (14 males and eight post- 
menopausal females) aged >40 years with a body mass index 
range of 20-37 kg/m 2 were studied. The subjects abstained 
from ASA or any other medication that could interfere with 



platelet function for 2 weeks prior to the study. Informed 
consent was obtained from all subjects prior to inclusion. 

Protocol 

Each subject was randomized to receive a single dose of NaCl 
(placebo) solution (5 mL intravenously), ASA (D,L-lysine 
acetylsalicylate • glycine) 250 mg or 500 mg intravenously, 
or ASA 100, 300, or 500 mg plain tablets orally (supplied 
by Bayer HealthCare AG, Wuppertal, Germany) in the 
fasted state, according to the randomization list (Global 
Biometry, Bayer HealthCare AG). Randomization was car- 
ried out after the prestudy examination, with subjects being 
assigned to random numbers starting with 01 in ascending 
order as they were listed, and the individual sequence of the 
treatments was then determined by the randomization list; 
female subjects were randomized into a subgroup of eight 
random numbers. 

For oral dosing, subjects were asked to chew the tablets 
and swallow them with approximately 240 mL of water. 
Intravenous ASA was dissolved in 5 mL of sterile water and 
injected into a forearm vein within one minute by the study 
physician. All medication was administered in the morning. 
Treatments were given in a crossover design, with washout 
periods of >3 weeks between each dose. The study protocol 
was approved by the ethics committee of the North-Rhine 
Medical Council, Diisseldorf, Germany, and the German 
Bundesinstitut fur Arzneimittel und Medizinprodukte. 

Venous blood samples (5 mL) were collected using an 
indwelling cannula (Sarstedt Group, Sarstedt, Germany) 
prior to ASA administration (baseline, 0) and 5, 30, 45, and 
60 minutes and 1.5, 2, 3, 6, 8, and 24 hours after adminis- 
tration of oral ASA, and one, 3, 5, 10, 15, 20, 30, 40, and 
60 minutes and 1 .5, 2, 3, 6, 8, and 24 hours after administra- 
tion of intravenous ASA. Blood for pharmacokinetic analysis 
was collected into lithium heparin monovettes containing 
approximately 50 mg of solid sodium fluoride. The plasma 
was separated immediately and stored frozen at -70°C or 
below. Assays were performed within 3 months of sampling. 
Blood samples for measurements of platelet aggregation were 
collected into citrated tubes and centrifuged for 10 minutes 
at lOOx g and room temperature to obtain plasma rich in 
platelets. After removal of the plasma, the remaining blood 
was centrifuged for 10 minutes at 2,000x g to obtain plasma 
poor in platelets. Platelet aggregation was measured as 
described below within 2 hours of sample collection. Blood 
samples for measurement of serum thromboxane B 2 and 
6-keto-PGF, were collected into Sarstedt tubes and shaken 

la 

for 30 minutes at 37°C to allow for coagulation. Serum was 
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separated by centrifugation for 10 minutes at 2,000x g and 
stored in 0.5 mL fractions at -20°C or -70°C. 

Urine samples were collected over 0-8 and 8-24 hours 
after drug administration and 9 mL samples were stored 
frozen for analysis of ASA and salicylic acid. 

Pharmacokinetics 

Plasma concentrations of ASA and salicylic acid were mea- 
sured by means of a validated and internally standardized 
high-performance liquid chromatography assay. The method 
employed liquid/liquid extraction using diethylether under 
acidic conditions, followed by reverse-phase chromatog- 
raphy on an Aqua C 1 8® column (Phenomenex, Aschaffen- 
burg, Germany). The analytes and the internal standard 
(2-acetylbenzoic acid) were measured by ultraviolet detec- 
tion at 230 nm. The linear regression curves were calculated 
from peak height ratios versus spiked concentrations, with 
1/x 2 weighing. For each analyte, two independently prepared 
stock solutions in lithium heparin human plasma stabilized 
with sodium fluoride (3 mg/mL) were used for preparation of 
calibration standards and quality control samples. The lower 
limits of quantification for ASA and salicylic acid in plasma 
were 0.29 mg/L and 0.66 mg/L, respectively, and the precision 
ranged from 2.1% to 4.7% and 3.8% to 9.7%, respectively. 

Urinary concentrations of salicylic acid were measured 
using a validated high-performance liquid chromatography/ 
ultraviolet assay. The method consists of incubation of urine 
with concentrated hydrochloric acid, followed by reverse phase 
chromatographic separation of extracted analytes, and detection 
by ultraviolet at a wavelength of 3 1 0 nm. The internal standard 
was 4-acetylbenzoic acid. Calibration curves for analytes were 
constructed using linear least square regression of the ratio of 
peak heights analyte/internal standard, with a weighting of 1/x. 
Calibration standards and quality control samples were prepared 
in human urine. The lower limit of quantification was 2.03 mg/L 
and the precision ranged from 4.0% to 7.6%. 

Pharmacokinetic parameters were calculated by model- 
independent (compartment- free) methods using WinNonlin® 
software, version 4. La. (Pharsight Corporation, Mountain 
View, CA, USA). The primary pharmacokinetic parameters 
were the area under the plasma concentration versus time 
curve from zero to infinity after study drug dosing divided 
by the dose (AUC 0 _/D), C max divided by dose (CJD), and 
absolute bioavailability (F). Secondary plasma pharmacoki- 
netic parameters were AUC 0 ^, C , time to reach maxi- 
mum drug concentration in plasma (T max ), and the half-life 
associated with the terminal slope (L). Other parameters 
included clearance (CL) or apparent clearance (CL/f) for 



intravenous and oral application respectively, and amount 
excreted in urine (Ae). 

Platelet aggregation 

and thromboxane B 2 production 

Measurements of platelet aggregation were carried out by 
light transmission aggregometry. Platelet-poor reference 
plasma was used to calibrate a 100% aggregation level, 
and the transmission of the platelet-rich sample to be ana- 
lyzed was converted to percentage values of aggregation 
accordingly. Platelet aggregation was triggered by addition of 
20 uL of 10 mM arachidonic acid to 180 uL of the platelet- 
rich plasma sample. 

Serum thromboxane B. and 6-keto-PGF, concentra- 

2 la 

tions were determined in serum by radioimmunoassay 
following in vitro conversion of thromboxane A 2 and PGI 2 , 
respectively. The radioimmunoassays used polyclonal 
rabbit antisera previously generated and validated in the 
analytical laboratory. The lower limits of quantification 
were 100 pg/mL and 250 pg/mL for thromboxane B 2 and 
6-keto-PGF Ia , respectively. 

Adverse events 

Adverse events were identified by: questioning at baseline, 
20 minutes, 3 hours, and 24 hours after intravenous dosing; 
by questioning at baseline and at 1, 3, and 24 hours after oral 
dosing; and by spontaneous reporting throughout the study. 
Adverse events were recorded by the investigator and clas- 
sified according to the Medical Dictionary for Regulatory 
Activities (MedDRA, version 9.1). The severity of adverse 
events was rated as mild (usually transient and generally not 
interfering with normal activities), moderate (sufficiently 
discomforting to interfere with normal activities), or severe 
(preventing normal activities). Treatment-emergent adverse 
events were defined according to the International Confer- 
ence on Harmonization E9 guidelines as events that emerged 
during treatment, having been absent pretreatment, or that 
worsened relative to the pretreatment state. 14 

Statistical analysis 

The statistical analysis was performed using SAS® software 
(version 8.2, Cary, NC, USA). The concentration-time courses 
of ASA and salicylic acid were calculated as geometric means 
with geometric coefficients of variation, except for T , for 
which medians were reported. Log-transformed primary 
pharmacokinetic parameters were analyzed using analysis 
of variance including sequence, subject (sequence), period, 
and treatment effects. Point estimates (least squares means) 
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and exploratory 90% confidence intervals for drug ratios 
were calculated by retransformation of the logarithmic data 
using the intraindividual standard deviation of the analysis 
of variance. 

Descriptive statistics were used for analyzing platelet 
aggregation, lag time of aggregation, and thromboxane B 2 
and 6-keto-PGF, concentrations. Because of the "all-or- 

la 

none" nature of platelet aggregation, aggregation values 
below 10% (the threshold for discrimination of noise from 
true aggregation) were replaced by zero in the statistical 
analysis. Dose-effect relationships for intravenous and 
oral treatments were evaluated by correlation analysis 
(Spearman's correlation coefficient, rho). Comparisons of 
the pharmacodynamic parameters between treatments were 
performed by nonparametric Wilcoxon tests. 

All statistical analyses were performed without adjust- 
ment for multiple comparisons, and with unadjusted signifi- 
cance levels of a =0.05. No formal sample size calculation 
was performed due to the exploratory nature of the study. 
Equivalence was determined using the standard ranges 
(0.8-1.25 90% confidence interval ranges). 

Results 

Subjects 

The study was carried out in 14 healthy male and eight healthy 
female volunteers with a mean age of 49 (range 40-58) 
years and a mean body mass index of 26 + 3.9 kg/m 2 . All 
22 subjects received at least one dose of trial medication and 
were included in the safety analysis. A total of 21 subjects 
completed all six study periods and were included in the 
pharmacodynamic and pharmacokinetic analyses. 



Pharmacokinetics of ASA according 
to route of administration 

The derived pharmacokinetic parameters for single doses of 
intravenous and oral ASA are summarized in Table 1 and 
the estimates for salicylic acid are summarized in Table 2. 
There were differences in the pharmacokinetic variables 
between the formulations, as expected due to the differing 
modes of administration. The median T was much shorter 

max 

with intravenous ASA than with oral ASA (0.017 versus 
0.500 hours, respectively), and both C max and AUC,,^ were 
higher (C max , geometric mean 54.25 mg/L with ASA 500 mg 
intravenously versus 4.84 mg/L with ASA 500 mg orally; 
and AUC^, geometric mean 10.31 mghour/L with ASA 
500 mg intravenously versus 5.12 mg hour/L with ASA 
500 mg orally). In most cases, dose proportionality between 
intravenous and oral dosing was demonstrated for AUC/D 
and C /D. The only exception was the comparison between 

max 1 * 

ASA 100 mg orally and ASA 500 mg orally, where the upper 
limit of the 90% confidence interval for the ratio of AUC„ /D 

(J— °o 

was higher than the prespecified limit of 1 .25 . The variability 
of the AUC^ of ASA was considerably higher after oral 
ASA than after intravenous ASA. 

Platelet aggregation 

and thromboxane B 2 production 

The effect of intravenous and oral ASA on arachidonic 
acid-induced platelet aggregation is shown in Figure 1. 
Complete inhibition of platelet aggregation was achieved 
within 5 minutes with both intravenous ASA doses, whereas 
this was not found following any of the oral doses. The mean 
(standard deviation) platelet aggregation values at 5 minutes 



Table I Geometric means (geometric coefficients of variation, %) and ranges for pharmacokinetic parameters of ASA following 



administration of ASA 250 mg and 500 mg intravenously and ASA 100 mg, 300 mg, and 500 mg orally 


Pharmacokinetic 


ASA 










parameter 


2S0 mg iv 


500 mg iv 


1 00 mg po 


300 mg po 


500 mg po 




(n=2l) 


(n=2l) 


(n=2l) 


(n=2l) 


(n=2l) 


AUC^(mg-hour/L) 


4.98 (18.9) 


10.31 (21.7) 


0.88 (44.3) 


2.82 (39.8) 


5.12 (36.1) 


AUC^/D (hour/L) 


0.0199 (18.9) 


0.0206 (21.7) 


0.00880 (44.3) 


0.00940 (39.8) 


0.0102 (36.1) 


F (%) 


100 


100 






49.5 


c ma * ( m S /L ) 


29.62 (37.4) 


54.25 (44.6) 


1.01 (33.2) 


3.01 (35.7) 


4.84 (35.8) 


C max /D (l/L) 


0.1 18 (37.4) 


0.108 (44.6) 


0.0 101 (33.2) 


0.0100 (35.7) 


0.00968 (35.8) 


T m>x (hours) 8 


0.017 


0.017 


0.500 


0.500 


0.500 


t IA (hours) 


0.290 (15.3) 


0.322 (15.1) 


0.395 (52.2) 


0.412 (33.9) 


0.422 (31.3) 


CL/f (L/hour) 






1 13.6 (44.3) 


106.4 (39.8) 


97.7 (36.1) 


CL (L/hour) 


50.2 (18.9) 


48.5 (21.7) 









Note: a Median. 

Abbreviations: ASA, acetylsalicylic acid; AUC^, area under the plasma concentration versus time curve from zero to infinity; AUC^/D, geometric mean dose-corrected 
area under the curve; CL clearance; CL/f, apparent clearance; C max , peak plasma concentration; C max /D, geometric mean dose-corrected peak concentration; iv, intravenously; 
po, orally; F, absolute bioavailability; T max , time to reach maximum drug concentration in plasma; t,,, half-life associated with the terminal slope. 
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Table 2 Geometric means (geometric coefficients of variation, %) and ranges for pharmacokinetic parameters of salicylic acid following 
administration of acetylsalicylic acid 250 mg and 500 mg intravenously and acetylsalicylic acid 100 mg, 300 mg, and 500 mg orally 



Pharmacokinetic 


ASA 










parameter 


250 mg iv 


500 mg iv 


1 00 mg po 


300 mg po 


500 mg po 




(n=2l) 


(n=2l) 


(n=2l) 


(n=2l) 


(n=2l) 


AUC^ (mghour/L) 


34.7 (32.9) 


98.5 (30.8) 


14.6 (26.5) 


62.8 (44.2) 


126 (28.9) 


AUC^/D (hour/L) 


0.181 (32.9) 


0.257 (30.8) 


0.191 (26.5) 


0.273 (44.2) 


0.328 (28.9) 


c ™< ( m s /L ) 


9.48 (23.8) 


21.58 (22.6) 


4.19 (23.5) 


13.31 (24.4) 


22.85 (22.2) 


C max /D (l/L) 


0.0495 (23.8) 


0.0563 (22.6) 


0.0546 (23.5) 


0.0579 (24.4) 


0.0596 (22.2) 


T (hours) 3 


0.667 


0.667 


1.00 


1.50 


1.50 


t (/i (hours) 


2.03 (16.8) 


2.36 (20.1) 


1.88 (20.3) 


2.57 (76.2) 


2.54 (20.6) 


CL/f (L/hour) 






5.2 (26.5) 


3.6 (44.2) 


3.1 (28.9) 


CL (L/hour) 


5.5 (32.9) 


3.8 (30.8) 








Ae (mg) 


145.0 (17.02) 


3 1 3.2 (42.70) 


74.7(14.6) 


226.1 (68.0) 


360.7 (62.8) 


Note: "Median. 



Abbreviations: Ae, cumulative amount excreted into urine; ASA, acetylsalicylic acid; AUC 0 ^, area under the plasma concentration versus time curve from zero to infinity; 
AUC^/D, geometric mean dose-corrected area under the curve; CL clearance; CL/f apparent clearance; C max , peak plasma concentration; C max /D, geometric mean dose- 
corrected peak concentration; iv, intravenously; po, orally; T max , time to reach maximum drug concentration in plasma; t,, half-life associated with the terminal slope. 



were 87.4% + 10.7%, 75.6% + 36.2%, and 66.1% + 39.7% 
with ASA doses of 100, 300, and 500 mg orally, respectively. 
Complete inhibition was achieved by 20 minutes with ASA 
300 mg and 500 mg orally, while the remaining mean plate- 
let aggregation value was 31.6% + 46.0% for ASA 100 mg 
orally at this time point. Complete inhibition with ASA 
100 mg orally was seen after 40 minutes. The mean platelet 
aggregation with intravenous placebo was 92.0% + 10.7% 
at 5 minutes and 89.0% + 9.9% at 3 hours, reflecting normal 
platelet function in the study participants in the absence of 
any aspirin treatment. 



The mean serum thromboxane B 2 concentrations at 
5 minutes after intravenous drug administration were 
0.82 + 0.81 ng/mL for ASA 250 mg intravenously and 
0.69 + 2.21 ng/mL for ASA 500 mg intravenously, which 
translated into a mean reduction of 99.3% + 1.5% and 
99.7% + 0.9%, respectively (Figure 2). There was a sig- 
nificant difference between intravenous doses at this time 
point (_P<0.0001, Wilcoxon test), and a negative correlation 
between intravenous doses and thromboxane B 2 con- 
centrations (Spearman's rho =-0.57). The mean serum 
thromboxane B 2 concentrations at 5 minutes after oral drug 



120 -i 




Time after administration (minutes) 

Ezzza ASA 250 mg iv (n=21 ) ASA 500 mg iv (n=21 ) Effig Placebo iv (n=21 ) 

h ASA 100 mg po (n=21) ASA 300 mg po (n=21) ASA 500 mg po (n=21) 

Figure I The mean (standard deviation) inhibition of arachidonic acid-induced platelet aggregation measured after administration of a single dose of ASA administered 
intravenously (250 mg or 500 mg) or orally (1 00, 300, or 500 mg), or saline (placebo intravenously). 
Abbreviations: ASA, acetylsalicylic acid; iv, intravenously; po, orally. 
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Minutes Hours 



Placebo iv(n=21) ■ 250 mg ASA iv (n=21 ) 

it - - 500 mg ASAiv(n=21) A 100 mg ASA po (n=21) 

• 300 mg ASA po (n=21) O 500 mg ASA po (n=21) 

Figure 2 Mean serum TXB ; concentrations after administration of a single dose of ASA administered either intravenously (250 mg or 500 mg) or orally ( 1 00, 300, or 500 mg), 
or saline (placebo intravenously). Data are presented using a semilogarithmic scale. 
Abbreviations: ASA, acetylsalicylic acid; iv, intravenously; po, orally; TXB 2 , thromboxane B 2 . 



administration were 157.01 + 92.44 ng/mL with ASA 100 mg 
orally, 108.33 + 58.43 ng/mL with ASA 300 mg orally, and 
83.74 + 55.49 ng/mL with ASA 500 mg orally. There was a 
significant difference at 5 minutes after administration between 
ASA 100 mg orally and ASA 300 mg orally (P=0.0091, 
Wilcoxon test), and between ASA 100 mg orally and ASA 
500 mg orally (P=0.0009, Wilcoxon test). At this time point, 
there was a negative correlation between oral doses and 
thromboxane B 2 concentrations (Spearman's rho =-0.37). ASA 
doses of 300 mg orally and 500 mg orally did not produce clini- 
cally relevant inhibition of platelet function (>95% reduction in 
thromboxane B 2 ) within 20 minutes, and the 100 mg oral dose 
did not reach this threshold at any time point; the maximum 
inhibition of thromboxane B 2 with ASA 100 mg orally was 
89.4%. There were significant differences in thromboxane B 2 
concentrations between ASA 500 mg intravenously and ASA 
500 mg orally at 5, 20, 40, and 60 minutes (all P<0.0001, 
Wilcoxon test). 

The time course of the reductions in serum 6-keto-PGF, 

la 

concentrations following administration of ASA is shown in 
Figure 3. Concentrations declined rapidly within 5 minutes with 
both intravenous ASA doses compared with oral ASA doses. 
There was evidence of dose-related reductions in serum 6-keto- 
PGF, with oral ASA. The serum 6-keto-PGF, concentrations 

la la 

following administration of ASA 500 mg intravenously and 
ASA 500 mg orally differed significantly at 5 minutes (mean 



difference -0.061 ng/mL, _P=0.0002) and 20 minutes (mean 
difference -0.015 ng/mL, P=0.0086), but not at 40 minutes 
(mean difference -0.004 ng/mL, P=0.7216). 

Adverse events 

There were no serious adverse events in any subject follow- 
ing administration of either intravenous or oral ASA at any 
of the doses studied. In total, 15 subjects reported at least 
one treatment-emergent adverse event, all but two of which 
were mild in intensity; headache and migraine, both of 
moderate intensity, were each reported by one subject after 
administration of intravenous placebo. There were no differ- 
ences between the five active treatments in the incidence and 
spectrum of treatment-emergent adverse events. 

Discussion 

Differences in onset of action have implications for deter- 
mining the minimally effective dose that should be used in 
an intravenous preparation and also for the adverse event 
profile. The current study showed that although intravenous 
ASA had a faster onset of action than oral ASA, with a T 

max 

of 0.02 hours and 0.5 hours, respectively, the geometric 
mean C /D was 1 1 times higher with intravenous than 

max ° 

oral ASA 500 mg (estimated ratio 1 1 .23) and the geometric 
mean AUC^/D was twice as high (estimated ratio 2.03). For 
salicylic acid, there was a slight increase in AUC^/D with 
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200 n 




0 5 20 40 1 3 24 48 

Minutes Hours 



♦ Placebo iv (n=21) ■ 250 mg ASA iv (n=21) 

*■ - - 500 mg ASA iv (n=21) ^ 100 mg ASA po (n=21) 

• 300 mg ASA po (n=21 ) O 500 mg ASA po (n=21 ) 

Figure 3 Mean serum 6-keto-PGF |u concentrations after administration of a single dose of ASA administered either intravenously (250 mg or 500 mg) or orally (1 00, 300, 
or 500 mg) or saline (placebo). 

Abbreviations: ASA, acetylsalicylic acid; iv, intravenously; po, orally; 6-keto-PGF, 6-keto-prostaglandin F. . 



dose (estimated ratio 1.41 for ASA 500 mg intravenously 
versus ASA 250 mg intravenously), which was expected. 
The current study also shows that there were no clinically 
relevant differences in treatment-emergent adverse events, 
but using a lower intravenous dose might have implications 
in this regard particularly in relation to renal adverse events. 
However, this was beyond the scope of our study. 

Clinically relevant inhibition of platelet function, defined 
as >95% reduction in serum thromboxane B 2 concentra- 
tions from baseline, was achieved with intravenous ASA 
within 5 minutes of dosing. The mean inhibition of serum 
thromboxane B 2 was 99.3% and 99.7% with intravenous 
ASA 250 mg and 500 mg, respectively. Complete inhibition 
of platelet aggregation was achieved within 5 minutes with 
both intravenous ASA doses. By contrast, complete inhibi- 
tion was only achieved by 20 minutes with ASA 300 mg and 
500 mg administered orally, and incomplete inhibition of 
platelet aggregation with ASA 100 mg orally was observed 
at this time (the mean residual aggregation value was only 
31.6% + 46.0%). The difference in serum thromboxane B 2 
reductions between ASA 500 mg intravenously and ASA 
500 mg orally was statistically significant at each time point 
up to one hour after administration (P<0.0001). 

The study also determined the effect of ASA on serum 
6-keto-PGF la , which is a surrogate measure of PGI 2 
formation. It likely reflects both vascular PGI 2 synthesis 
in vivo as well as PGI 2 synthesis by leukocytes during in vitro 
coagulation of the serum samples. While intravenous ASA 
and the higher doses of oral ASA reduced thromboxane B 2 
production by at least two orders of magnitude, the maximum 



inhibition of 6-keto-PGF lo , production following oral or intra- 
venous ASA was only ten-fold or less. This lower inhibition 
may reflect the fact that ASA has some selectivity for the 
COX-1 isoform, 15 and that COX-1 largely predominates in 
platelets compared with COX-2, which is expressed in vascu- 
lar and inflammatory cells. It has been shown that long-term 
suppression of PGI 2 formation may augment injury-induced 
atherogenesis and platelet activation, 16 although the clini- 
cal relevance of PGI 2 inhibition by ASA in cardiovascular 
disease is unclear. The present results demonstrate that, at 
doses of 250-500 mg, administration of ASA either orally 
or intravenously has comparable effects on PGI 2 synthesis, 
because there were few significant differences in 6-keto- 
PGF, concentrations following intravenous or oral dos- 
ing, except at 5 and 20 minutes after dosing with 500 mg. 
A hypothetical adverse effect of intravenous ASA on vascular 
integrity resulting from higher exposure of PGI 2 -forming 
vascular cells to ASA is therefore unlikely. It is of note that 
in this study ASA orally was administered in the fasted state 
and that the tablets were chewed and swallowed with 240 mL 
of tap water at room temperature thereafter. These conditions 
may have facilitated absorption and led to an "optimized" 
effect on COX inhibition. 

Studies in animals have also shown that biochemi- 
cal selectivity is not apparent with intravenous ASA. An 
intravenous or oral dose of ASA 5 mg/kg administered to 
rats resulted in comparable inhibition of portal vein 6-keto- 
PGF. and thromboxane B„ but formation of inferior vena 

la 2' 

cava 6-keto-PGF la was spared. 5 In humans, administration 
of intravenous or oral ASA 1 g was found to completely 
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suppress serum thromboxane B 2 , but urinary thromboxane B 2 
and 6-keto-PGF la were also suppressed by intravenous 
ASA. 10 17 Oral ASA is a renal-sparing drug compared with 
other nonsteroidal anti-inflammatory agents; however, in the 
present study, only one renal/urinary disorder adverse event 
was reported with ASA 500 mg intravenously. 

The present study characterizing the pharmacokinetics 
and pharmacodynamics of ASA in healthy subjects has some 
limitations. The need to perform platelet function assays 
immediately after blood sampling and the yes/no character 
of the response preclude the possibility of more accurately 
characterizing the time-dependency and dose-dependency 
of effects on platelet aggregation after intravenous and oral 
ASA administration. In addition, disease-related factors 
may affect the measurement of arachidonic acid-induced 
platelet activation in patients with acute coronary syndrome. 
By contrast, serum thromboxane B 2 measurements showed 
more time-related, treatment-related, and dose-related effects 
of intravenous and oral ASA treatment. As described above, 
synthesis of thromboxane B 2 was almost completely (>95%) 
inhibited within 5 minutes of treatment with intravenous 
ASA, and remained low with both intravenous doses. By 
contrast, with 300 mg and 500 mg of oral ASA, a compa- 
rable decrease in thromboxane B 2 was not seen until about 
40 minutes after administration, and the maximum inhibition 
of thromboxane synthesis after oral intake of 1 00 mg ASA 
was 89.4%. The delayed effect seen after oral treatment 
was associated with higher interindividual variability in the 
inhibition of thromboxane synthesis than with intravenous 
administration. Despite these limitations, the study shows 
that intravenous ASA provides rapid and consistent inhibi- 
tion of platelet function in healthy volunteers. Based on its 
pharmacokinetic/pharmacodynamic profile, ASA 250 mg 
given intravenously may be useful where rapid inhibition of 
platelet function is required, such as in the acute management 
of patients with acute coronary syndrome, and the findings of 
this study justify comparison of the efficacy of intravenous 
and oral ASA in an emergency setting in patients accord- 
ing to treatment guidelines. 18 Intravenous ASA could also 
be beneficial in acute -phase Kawasaki disease, where poor 
absorption of oral ASA is a problem. 19 

In summary, this study is novel in that it is one of the 
first to compare intravenous and oral ASA at doses rou- 
tinely used in the clinical setting and thus generates clear 
and comparable pharmacokinetic and pharmacodynamic 
surrogate marker data. For intravenous ASA treatment 
specifically, it shows the immediate onset of action sup- 
ported by pharmacokinetic data that describe the action in 



an acute cardiovascular clinical setting. Extensive research 
has been performed on the activity of oral ASA, establish- 
ing markers of platelet inhibition and aggregation that are 
widespread as assays today. 20-22 The findings of such studies 
have also established the optimal doses of oral ASA for 
clinical use, and research groups are currently exploring the 
intricacies of its mode of action and most effective dosing 
strategies in more detail. 23-25 A study in 41 patients with 
unstable angina was one of the first to explore the effects 
of intravenous ASA (60 mg on the first treatment day and 
20 mg on successive days). 26 The study showed that serum 
thromboxane B, decreased from 160 ng/mL to <6 ng/mL 
(around 96% reduction). Although the reduction was suf- 
ficient for effective clinical inhibition, it was still not 100% 
complete. Overall, this study showed that ASA was not 
superior to coronary vasodilators (isosorbide dinitrate and 
oral diltiazem) and patients remained at risk of myocardial 
ischaemia. Consequently, these authors recommended early 
aggressive treatment in an acute setting. In the present 
study, the thromboxane B 2 concentration was negligible at 
5 minutes with ASA 250 mg intravenously (0.82 ng/mL). 
Our findings indicate that this dose of ASA could be more 
beneficial in an acute setting, and these results will be of 
interest to those devising guidelines for the most appropriate 
combination strategies in this environment. 
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